Using adjoint representation of Lie algebras, we calculate the automorphism group and ad-invariant metric on six dimensional solvable real Lie algebras with 5, 4 and 3 dimensional nilradicals. *
Introduction
The automorphisms of real three dimensional Lie algebras [1] is a powerful tool for analyzing the dynamics of 3+1 dimensional Bianchi cosmological models [2] . Furthermore at the classical level, time dependent automorphism inducing diffeomorphisms can be used to simplify the line element and thus Einstein's field equations and also provide an algorithm for counting the number of essential constants (see [3] and [4] for three and four dimensional Lie algebras respectively). On the other hand, the automorphism groups and ad-invariant metrics can be used in the calculation of complex and bi-Hermitian structures [5] and generalized complex structures [6] on Lie algebras and also in the classification of Lie bialgebras [7] . Meanwhile, the calculation of ad-invariant metric on Lie algebras are important in the construction of the physical models such as WZW models [8] . Here in this manner we calculate the automorphism group and ad-invariant metric on six dimensional solvable Lie algebras (with 5 [10] and 4 [11] and 3 (nilpotent) [9] dimensional nilradicals).
Mathematical preliminaries
Let L be Lie algebra with the base {X i }; then we have
where f ij k are the structure constants of the Lie algebra L. An automorphism O is a linear map on L such that preserves the Lie algebra structure i.e.:
Or, by use of
i.e. the automorphism O is a linear map which fixes the structure constants. By use of matrix representation for O ; i.e. OX i = O i j X j we have rewritten relation (3) in the following form;
where by use of adjoint representation (χ i ) j k = −f ij k or (Y k ) ij = −f ij k one can rewrite relation (4) in the following matrix form:
or
In this way, by use of the above relations one can calculate the automorphism group O of a Lie algebra L. Furthermore, an ad-invariant symmetric metric 1 on Lie algebra L can be written as follow:
such that ad Xj X i , X k = 0,
i.e. ad Xj X i , X k + X i , ad Xj X k = 0,
which can be rewritten in the following matrix form:
1 The Cartan-Killing form K ij = f ik l f jl k is a special case of this metric.
Note that because the automorphism map O fixes the structure constants (see (3)); from above relation (11) one can see that the metric g on Lie algebra L is also fixed under automorphism map, i.e:
with matrix form
i.e. the ad-invariant metric is also invariant under automorphism group or in other word the automorphism groups are isometries of this metric. Now, one can calculate ad-invariant metric g on Lie algebras according to the relations (11) and (14) . In the next section we calculate the automorphism groups and ad-invariant metric on six dimensional solvable real Lie algebras by use of maple program for solving relations (5), (11) and (14) .
Automorphism groups and ad-invariant metrics
Classification of six dimensional solvable real Lie algebras with 3 dimensional nilradical (i.e. six dimensional nilpotent Lie algebras) are obtained by Morozov [9] then Lie algebras with 5 dimensional nilradical are mainly classified by Mubarakzyanov [10] and were finished by Turkowski with the classification of these Lie algebras with 4 dimensional nilradical [11] ; (for a good bibilography see [12] ). Here we use the Mubarakzyanov [10] classification of six dimensional solvable real Lie algebras with nilradical 5 (see also [13] for correction of some misprint of [10] ). The automorphism groups 3 and structure constants of these 99 Lie algebras are written in table 1. For 40 six dimensional solvable real Lie algebras with nilradical 4 [11] , these are written in table 2. Tables 3 contains the automorphism groups for 22 six dimensional nilpotent Lie algebras [9] (and also use [14] ). The ad-invariant metrics of all six dimensional real solvable Lie algebras are written in table 4. 0 <| δ |≤| γ |≤| β |≤| α |≤ 1 f 6, 6 α ≤ β f 
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